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DECLARATION UNDER 37 CF.R> 5 1.132 



That I, Mr. Lee M. Cook, declare the following: 

1) That I am employed as the Director of Future Technology Opportunities for Rohm 
and Haas Electronic Materials CMP, Inc. ("Rohm and Haas" flea Rodel, Inc.); and that I have 
been employed at Rohm and Haas since 1992 in various roles. I am not named as an inventor in 
this application, although I have worked extensively in conjunction with the development of the 
abrasive-free or "reactive liquid" polishing solutions claimed in this application since I have been 
at Rohm and Haas. 

2) Before joining Rohm and Haas, I had the following relevant positions: From 
1.979-1987, 1 was aresearch scientist at Schott Glass Technologies, Inc. From 1987-1992, 1 was 
a senior research scientist at Galileo Electro-Optics, Inc. In both positions, polishing is involved 
extensively in the glass products of the respective companies. I was intimately involved in the 
development and troubleshooting of polishing processes. In addition, I have conducted research 
into the polishing process and have published several papers in scholarly journals and made 
several presentations at scientific conferences concerning the subject. My research in the 
polishing field prior to joining Rohm and Haas was directed primarily to polishing of glass, but 
also involved metal polishing. Since joining Rohm and Haas, my research and development 



PAGE 6114 * RCVD AT 9/26/2007 2:10:52 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-3/22 * DNIS:2738300 * CSID:3022832144 * DURATION (mnMS):0M)8 



09/26/2007 14:06 3022832144 



ROHM AND HAAS EM CMP 



PAGE 07/14 



work and efforts have been focused primarily on polishing of semiconductor materials. This 
research has resulted in the inventorship of more than fifty US patents in the polishing 
consumable field. I have been invited to present papers at domestic and international 
conferences in Japan and Korea relating to polishing and planarization of semiconductor 
materials. 

3) My educational background is a B.A. degree in Chemistry from Grinned College, 
in 1974. 

4) That as a result of my education and experience; I consider myself, and am 
considered by my peers, inside and outside of Rohm and Haas, to be a person skilled in the 
technology relating to this application, 

5) That I reviewed US Pat. No, 5,981 ,454 to Robert J. Small ("Small") that issued 
November 9, 1999; and specifically, the "CMP Metal Chemistry" section of column 6. 

6) That Small at column 6, lines 4 to 6 states: "This type of polishing relies on the 
oxidation of the metal surface and the subsequent abrasion of the metal oxide surface with an 
emulsion slurry." 

7) That the term emulsion in this sentence refers to a multi-phase system and that the 
conventional usage of "emulsion slurry" in polishing terminology is to imply a solid or abrasive 
phase is contained in the liquid. 

8) That the two-part oxidation of the metal surface with subsequent "abrasion" of 
Small at column 6, lines 4 to 6 also implies an abrasive. 

9) That Small at column 6, lines 14 to 16 states that under ideal conditions, rate of 
metal oxide formation equals rate of oxide polishing. This statement implies that the chemical 
solution oxidizes the metal surface and that an abrasive removes the oxidized metal surface. 

10) That at column 6, lines 34 to 36, Small describes a detailed mechanism proposed 
by Kaufman, F.; J. Electrochem. Soc; 138(1 1), P 3460, 1991 ("Kaufman")— see atached. 

1 1) That in the paragraph bridging pages 3460 and 3461, Frank Kaufman uses the 
terms "absence of free abrasive" and "absence of added slurry" on an interchangeable basis. 

12) That the paragraph of Kaufman bridging pages 3460 and 3461 describes the 
mechanism of absence of free abrasive as hydrodynamically assisted wet etching rather than 
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chemical-mechanical polishing. This places etching solutions outside the definition of polishing 
slurries. 

13) That a skilled polishing sluny practitioner would understand that the term 
"emulsion slurry" as used in the context of Small refers to an abrasive-containing slurry. 

14) That I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true; and further 
that these statements were made with the knowledge that willful false statements and the like so 
made arc punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 




Mr. Lee M. Cook 



September 26, 2007 
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Chemical-Mechanical Polishing for Fabricating Patterned 
W Metal Features as Chip Interconnects 

F. B. Kaufman/ 0. B. Thompson, 2 R. E. BraaaV M. A. Jaso/' 1 W. L. Guthrie/ D, J. Pearson, 1 and M. B, Small 1 

IBM Research Division, Thoma$J. Watfltm Research Center, Yorktown Height*, New York 10598* 

and 

IBM General Technology Division, fiTopeiuell Junction, Nexo York 10953 9 
ABSTRACT 

Interconnect features of W metal, recessed in an SiO* dielectric, can be formed using a novel chemical-mechanical pol- 
ish process. Mechanical action, to continually disrupt a surface paaaivating film on W, and chemical action, to remove W, 
appear to be recjuirements for workability of the procesa, A trial process chemistry using a ferricyanide etchant Is de- 
scribed. Removal of the W is discussed in terms of competition between an etching reaction which dissolves W and a pas- 
sivation reaction to reform WO a on the surface of the W. This novel processing technology is compared with earlier meth- 
ods of fabricating metal interconnect structures. 



It is now generally recognized that planarization of mul- 
tilevel metal, interconnect structures for chips offers sijjnif- 
icant process advantages such as the elimination of step- 
coverpRE concerns and improvement of lithographic reso- 
lution by miniimzinf? depth of field variations (1-7). Two al- 
ternative process approaches to achieving planarlzation 
can be considered (Fig. 1). One approach relics on dielec- 
tric planarizatiorL In this case patterned metal Intercon- 
nects are conformally covered with an insulator film. This 
is followed by a planarizing operation to eliminate the to- 
pography in the dielectric. Processes that have been used 
for smoothing include etch-back (8) of the dielectric, depo- 
sition of a planaruin£ polymer film (9), or chemical- 
mechanical polishing (10). Alternatively, recessed metal 
schemes (1-5) can be used where the reverse of the metal 
pattern desired i3 etched into a planarized film of dielec- 
tric, metal is conformally deposited, and then subse- 
quently removed, in a separate step, from the higher 
blanket areas on top of the planarized dielectric to leave 
the required metal pattern recessed in the insulator. 

An improved low-pressure chemical vapor deposition 
(JLPCVD) process (11, 12) for tungsten, coupled with its 
high electromigratlon resistance and dry etch compatibil- 
ity, makes it an attractive candidate for use in a recessed 
metal interconnection sequence (3, 5). However, current 
reactive ion etching (RIB) processes for tungsten which 
have been used to remove the blanket metal suffer from 
selectivity concerns due to resist thickness variations over 
the metal (3). Wet etching techniques are unacceptable due 
to their inability to preferentially remove topographic fea- 
tures. 

Chemical-mechanical polishing (1, 2) could be used to 
define the tungsten features if a process chemistry appro- 
priate for wafer fabrication were available. Chemical- 
mechanical polishing of metals has been demonstrated for 
stainless steels and nickel-based alloys (13), and for copper 
(2, 14). The mechanism we propose for the process (Pig. 2) 
requires the action of a metal etchant and a metal passi- 
ve ting agent with an abrasive agent This combination 
could result in the high spots continually having the passl- 
veted film (anisotropically) etched away, while the low 
spots arc protected. For the majority of metals, the oxide 
may be used &* a simple passivant During the process, the 
protective film is removed by the m echanical action or the 
abrasive slurry. This Is followed by a rapid reformation of 
the protective film. Continuous cycles of formation, re- 
moval, and reformation of the pasaivatiog layer continue 
until the desired final thickness of metal is achieved. 

Consideration of the proposed mechanism and Fig. 2 
suggests that the minimal requirements for the proposed 
process chemistry for W removal are; (i) materials selectiv- 
ity, a significantly faster removg) rate for the W than cither 
the dielectric surface, which forms the structure, or a sacri- 
ficial etch stop; (ii) topographic selectivity, a metal re- 
moval process which selectively removes metal, from the 

* Elactroybcmtc^t Society Active Member. 



* 'high" spots while leaving it protected in the low spots; 
(tti) the overall process should be noneorrosive, [\v) the 
process should leave the wafers clean enough to be com- 
patible with further semiconductor processing in a clean 
room. 

This paper will describe a process chemistry that hag 
been successfully used in the chemical-mechanical pol- 
ishing of tungsten to form chip interconnect, structures 
using a recessed metal process sequence. Given the nature 
of the polish mechanism, described, wc suggest that the 
particular etchant^passivator combination discussed here 
is not the only chemieal system that could be used for suc- 
cessful fabrication of interconnect structures. Preliminary 
descriptions of the application of this technology to form a 
fully planari2ed interconnect structure with 1,2 ^m con- 
tacts, as applied to a 94 Kb complimentary metal oxide 
semiconductor static random access memory (CMOS 
SRAAJ). and. using x-ray lithography to achieve 0.5 pin on 
all interconnect, levels, have previously appeared (6, 7). 

Experimental 

Materials and preparation of slurry.— All chemicals 
were used without further purification. Typical as- 
received purity levels were at least 98%. Water used in the 
preparation of the slurry had resistivities greater than 
18 and was filtered through a Milliporc filter system, 
type RO to remove ionic and organic contaminant* and 
particles less than 1 pm in size. 
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Fig, 2. Proposed mechanism of plonorization of a patterned metal 
feature by chemical-mechanical polishing (see text far details). 



All slurries were prepared by adding the chemical con- 
stituents to a rapidly stirred solution of water. Addition of 
the abrasive to the solution typically resulted in the solu- 
tion becoming optically opaque. To insure homogeneity of 
the polishing slurry, the resulting suspension was stirred 
during uge. Although there was evidence for precipitate 
formation in the shirry after several hours, polish results 
were not found to change after storage for times up to 8 h. 
All slurries were delivered \ Q the polish table using a peri- 
staltic pump. 

Slurry particle size analysis.— A Coulter Model LS 130 
laser diffraction particle size analyzer was used to measure 
the particle size of the free abrasive in the polish slurry. 
Size calibration was checked using appropriate standards 
in the 0.1-100 fjum particle size regime. Polish slurry parti- 
cle sizes were determined on flowing samples (recir- 
culation rates of 0.5 liter/min) usinp; dilution factors (in 
water) in the 0.1 to 0.5 range. 

ChemicaLrtuxhanicat polish tools, fixtures, and operat- 
ing parameters.-— in general, we expect the same polish 
tools and rbct.uring traditionally used in the chemical- 
mechanical polishing of blanket Si wafers, to be applicable 
to the metal polishing process described in this work. In 
Fig. 3. is shown a schematic of the key components of the 
polish technique. The wafer (1) is placed in a holder (2) 
with the wafer surface in direct contact with a pad-covered 
tublG (4). During the polish experiments the abrasive slurry 
(3) flows onto the surface of the pad and the rotation speed 
of the table and of the holder can be independently varied. 
Pressure at the wafer-duny-pad interface is controlled via 
an overarm mechanism which aUows pressures in the 1 to 
5 leg/cm 2 range to be applied to the wafer holder. Most of 
the data presented here was obtained on Strasbatigh 
Model 6CA and BDQ polishers but polish tools from other 
manufacturers are expected to bo roughly equivalent in 
overall performance. Several different types of polish pad 
materials and wafer template assemblies obtained from 
Rod el were found to provide acceptable and reproducible 
results. Fixturing provided by other supplier* is expected 
to give similar results- 

Si and W blcmket and patterned flubAfcrafce*.— AD pol- 
ishing experiments were done on 125 mm Si wafers using 
an Si0 2 insulator layer. Following the deposition of a sput- 



Fig. 3. Schematic of chemical mechanical-polishing technique, top 
and side views, for clarity, overarm mechanism connected to wafer 
holder has been omitted. Wafer 0) is held in holder (2) usino commer- 
cially ova i labia template; flurry (3) flows between wefc* surface and 
pad (5) Covered table (4). See text far further derails. 



tered Ti/TiN adhesion layer. W was deposited using an 
LPCVD process (11, 12) in a batch CVD reactor (Genua 
$402). Patterned wafers (6) for demonstration of the re- 
cessed W chemical-mechanical polishing process were 
prepared either by the Vorktown or East Fishkill Si Facil- 
ity. These wafers had W deposited into RIE patterned fea- 
tures of a planarized SiO a , with the planarization achieved 
using a previously described (10) chemical-mechanical 
polish process to smooth topographic variations In the 
SiOa insulator. Metallization consisted of HIE patterned 
Ti/Al<2.5%Cu)/Si deposited by dc magnetron sputtering. 
Argon sputter-cleaninj? was used prior to the metal deposi- 
tion, to insure adequate adhesion to the W and to the insu- 
lator surfaces. 

W film thicfaieMr'detrrmination.^A^r&g* metal thicks 
nesa and standard deviation was determined using either a 
manual foijur-point sheet resistivity probe apparatus or an 
automated four-point Prometrix Model 20 measurement 
tool Thicknesses of the Alms were calculated from the ex- 
perimentally measured sheet resistivity using the previ- 
ously determined value for the layer resistivity (12) of the 
LPCVD W. 

Determination of wet etch rates,— Removal rates of W 
were determined by comparing initial thicknesses (as de- 
termined above) of the W films vs. the thickness remaining 
after 1-24 h of contact with the liquid of interest All results 
were determined foT static solutions at 20°C. 

Results and Discussion 

In the absence of complexation reagents or substances 
which form insoluble salts, W becomes passivated at 
acidic pH values less than 4 (15) due to the formation of 
WOj. However, in the presence of an oxidant such as 
KflFeCCNls and weak organic base complexing agents, the 
range of pH in which W gets passJvated Is extended to 6.5 
<16). Sonatinas were formulated containing the weak oxi- 
dant K»Fe(CN)j, and it wa* observed that oy adj u*ting the 
pH, both low static wet etch rates and chemical-mechani- 
cal poliah. removal of W films could be simultaneously 
achieved, see Table 1. 

We observed that when the chemical formulations were 
combined with silica or alumina abrasive particles, W .films 
could be chemical-mechanically polished at removal rates 
as high as 400nm/min. For the formulations listed in 
Table I with pH values less than 6 5, the W removal rates 
obtained were found to be functions of the "mechanical" 
components of the process, viz., rates increased with ap- 
plied pressure, quill/table rotation speeds, and increased 
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Formulation 




Wet eLch rate 


CMP observed 


<Note 1) 


PH 


(nm/sec) 


(Note 2) 


K-F 


5.0 


8 


+ 


K-F-En 


6.6 


6 






10.5 


43 





f = K 3 Fe<CN>Q; K - KHUPO,; En = Ettwlcnedjamine, 

1. Formulations typically contain 0.1-5 weight percent of them- 

KRIS. 

2. Ctemical-mechrinlCftl polishing (CMP) and pH determined on 
fo rmuktiona containing abrasive. (See text for details.) 



loading of abrasive. In the absence of applied pressure or 
free abrasive, the W removal rates were found to be mini- 
mal. This implies that areas of recessed metal would only 
he slowly removed. However, for the chemical formulation 
with pH 10.5, significant removal rates were found in the 
absence of added slurry or applied pressure suggesting, in 
tnis case, a removal process which is hydrodynamically as- 
sisted wet etching rather than chemical-mechanical pol- 
ishing. 

The optimum particle size and particle size distribution 
for the abrasive additive has not been determined. How- 
ever, we have observed that commercially available colloi- 
dal silica or dispersed alumina in the 0.3-2.0 nm size range 
(see Experimental section) yield W surfaces after polishing 
that arc highly specular and which appear scratch-free to 
the human eye. In Fig. 4 is shown particle size data for an 
alumina dispersion. We find that for any of the process 
chemistries in Table 1, the measured particle size and dis- 
tribution stays relatively constant. Although the alumina 
Is specified as a deaggiomerated solid wjth 0.05 pm aver- 
age particle size, the light scattering measurements sug- 
gest that in the flowing, liquid state, the average particle 
si ice is considerably larger. Whether alumina aggregates 
form to solution and subsequently break apart during the 
polishing operation is not known at present. We have ob- 
served that addition of a coagulation agent to the Blurry re- 
sults in immediate settling of the normally dispersed fine 
particulates. Particle size analysis performed on these co- 
agulated samples show significantly larger measured par- 
tide sise, in addition to a, distinct increase in surface 
scratching of the metal films polished under these condi- 
tions. Thi3 suggests a potentially important relationship 
between average panicle site at the wafer surface and the 
incidence of polish-induced damage at that surface. 

Further distinction between removal of a blanket W film 
under chemical-mechanical polish conditions vs. wet etch- 
ing (when process chemistry pH is above the passivation 
limit) can be made by observing the thickness decrease 
over the surface of the wafer as a function of pollah process 
time. In Fig. 5 are shown two traces where W thickness is 
plotted over multiple points on the wafer surface before (a) 
and after (b) 3 min of polish processing in the chemical- 
mechanleal polish mode- Two effects are observed which 
reflect the nuvel aspects of the removal process. It is seen 
that during the polishing in addition to a thmning of the 
metal film a$ a function of time, the thickness uniformity 
of the metal can be modified. In the specific example 
shown in the figure, after 3 min of polishing at L80 nnVniin 
the original Glm, which was lower in the center, now has a 




0.2 0.4 



l.o z 

PARTICLE DIAMETER i*an\ 



(a) 




(b) 




Fig. 5. SEieet resistivity contour mops of bf art ket W films, where lines 
connect measured paint* of ccratant resistivity. Sold solid linos give 
mean resistivity with dotted lines showing areas which have higher (+) 
or lower (-) shut resistivity than the mean, (a) Initial film with moan, 
calculated, thickness of 500 nm; each coirtoui interval (dotted line) has 
successively 4% higher or lower sheet resistivity than the moon, (b) 
after 3 min polishing, mean thickness 112 nm with 8% deviation per 
~ r line. 



Fig, 4, Particle diameter in microns vs. volume percent population far 
on alumina slurry in the F-K-En chemistry as determined by light scot- 



wedgc shape with the maximum to minimum thickness 
variation observed from one wafer edge to another. In gen- 
eral, we have found that many different kinds of final 
global planarity can be achieved, dependent on the initial 
thickness uniformity of the metal film and the settings of 
the polish tool. Experiments done using identical polish 
tool settings but with the F-En chemistry at pH 10, show 
an isotropic removal of W, with no change in the global 
planarity of the film, typical of a wet etching process. 

In addition to the sensitivity of the removal process to 
choice of mechanical parameters during polishing, as 
mentioned above, we And that the polish rates also depend 
on the concentration of chemicals listed in Table I and on 
the temperature of the slurry during processing. This sug- 
gests, consistent with the proposed mechanism, that the 
polish process is driven both by mechanical and by chemir 
cal effects. We typically observe that polish rates are pro- 
portional to the concentration of chemical constituents 
listed in Table h In addition, we find that fit «coy given con- 
centration of chemicals, polish rates increase as a fitncticdi 
of increasing temperature of the slurry. By controlling the 
temperature of the circulating water which flows 
through the polish table the temperature of the slurry con- 
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Fig. 6. SEM view$ of a patterned ty In SiOl dicfcclric surface follow- 
ing chemical -mechanical polishing. 

tacting the wafer surface can be controlled. Given the hy- 
drodynamlc and chemical complexity of the polishing pro- 
cess, we suggest that modeling of the concentration and 
thermal effects observed will have to take into account a 
number of competing processes. These include diffusion 
to and depletion of the chemical constituents at the wafer 
interface, the kinetics of pasBivjitnig film formation, and 
the dynamic rate of isotropic wet etching (see below) prior 
to the formation of the passivating film. 



This process can readily be applied to form W via$ in an 
SJOi insulator layer (6» 7). A typical process sequence in- 
volves deposition of the insulator layer followed by litho- 
graphic patterning of the insulator, sequential deposition 
of both an adhesion layer and blanket W, followed by pol- 
ishing to remove the surface W. Figure 8 is a scanning elec- 
tron micrograph top down view of W patterns that result 
after processing. We observe that the patterned metal is 
well defined, with no evidence of metal firo e&rtng into the 
adjacent insulator. In addition, the surface of the W is 
highly specular without any obvious chemical attack or 
Corrosion. 

Cross-sectional scanning electron micrograph (see 
Fig. 7) shows clear evidence for the planartty of the pro- 
cess and indicates that the W seams, unavoidable with a 
conforms! CVD deposition process, have not been de- 
graded by process induced wet etching. In general, we find 
that the degree of local planarity (metal vs. insulator 
height) and the final thickness and uniformity of the insu- 
lator Aim is dependent on the removal rate ratio of metal- 
to-SiOa insulator. 

However, we have observed that subtle changes made to 
the process chemistry can lead to a degradation in quality 
of tfic recessed metal surface. This i$ an effect only ob- 
served on patterned wafers since blanket, polished films 
are always smooth. On blanket W wafers the K-F chemical 
system, with or without the addition of ottaylenedl&mine, 
shows very similar blanket polish rates, and low static wet 
etch rates suggesting efficient surface passivation, Pat- 
terned wafers polished with the K-F-En chemistry show 
high-quality cross-sectional SEM features similar to those 
in Fig. 7. However, patterned wafers polished under ex- 
actly the same conditions and using the rvF chemistry in 
the absence of ethylenediamine show distinct signs of sur- 
Pace attack and loss of pJanarity relative to the adjacent in- 
sulator surface. This observation suggests that in the pres- 
ence of ethyienediamine, and Undar the dynamic 
conditions of polishing, surface passivation of W is more 
efficient than in the absence of the weak amine base. The 
mechanism proposed for W passivation in the presence of 
fcrricyanide involves (16). see Eq. [1] 

W + 6Fe(CW;* + 4H a O WO; 3 + 6Fe(CN) fl - 4 + 8H* [1} 

the generation of protons at the surface via a W/W* 8 redox 
reaction. The local concentration of protons at the metal 
interface can be expected to be influenced by the presence 
of buffering agents and weak base. Wc, therefore, suggest 
that static wet etch rates and bulk solution pH values alone 
do not entirely reflect the dynamic chemical environment 
which occurs at the metal -solution interface during metal 
polishing. 

Fully planarized, two level interconnect structures, with 
W studs forming the contacts to the underlying Si device 
areas and between the wiring levels i.e. (W studl-Ml-W 
studZ-M2), have been recently fabricated (6, 7). The W stud 
levels were formed in a chemical-mechanical polish pro- 
cess using the K-F-En process chemistry. Overall yields 
were high and contact resistance values were not affected 
by the chemica^meehanical polish processing. The data 
show, see Fig. 8 T the contact resistance scales with feature 




Fig. 7. Crost-sectioiiol SEM vie* 0* W ftud* in £0fc rtfuM*. 
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I 10 
W FEATURE AREA l/im 2 ) 

Fig. 8, Contact resistance of W eo«tu«s recessed ifl on SiO, dreko- 
tnc for feature *i*e* from 0.5 to 5.0 jxm 2 . Comparison nratfc for W con- 
tacts from Ti/AI(2,$%Cu)/Si Ml to sifcidad it + , p*. and ten* polysili- 
<on chip regions. 



area for 0,5 to 5.0 pun 2 contacts. This indicates either the 
absence of significant polish-induced contamination at the 
interface or that the surface contamination produced does 
not survive the sputter-clean step performed prior to met- 
al 1 deposition (see the Experimental Section). via 
resistances were appropriately lower due to the absence of 
the silieide. An improved W chemical-mechanie^l pol- 
ishing process was aged Lo fabricate a 4 Mbit DRAM (37) 
structure using a CVD-tungsten bit line and contacts in a 
dual damascene (lb) process in manufacturing, 

A consequence of the low contact resistance values ob- 
served for the W interfaces and the proposed mechanism 
of chemicHUmechanlcal polishing la the presence of a 
chemically paasivating layer on the surface of the polished 
tungsten. XPS and Auger analysis of polished CVD 
blanket W samples confirms (19) the presence of a thin 
layer of tungsten oxide. It is estimated titat the oxide con- 
sists of 5-6 A of W0 3 over 3-10 A of some other lower oxi- 
dize that forma a transitional region between the WO a and 
the bulk W. Furthermore, there" was no evidence to indi- 
cate the presence f>f any significant post polish residue or 
other impurities. 

We propose that the chemical-mechanical polishing oFW 
proceeds initially (see Fig. 2) by the abrasive removal of 
this protective thin oxide film. Once the unpassivated sur- 
face of the "W film is exposed by the mechanical process, 
the w is removed by the chemical activity of the ferricya- 
rude/hydrogeri-phosphate/ethyleDediamine combination. 
In this interpretation, ferrii^yanide acts as an electron sink 
to oxide and solubilize the W as a WO; 3 specie (see reaction 
[1]), Competing with this etching reaction is reaction {Z] f to 
reform a new layer of the passivating oxide 

W + 6Fe<CN) 0 - a + 3HaO-> WO* + 6Fe(CN)r* + 8rT [2] 

Direct evidence for the intermediacy of the Fetfll) moi- 
ety and its consumption during polishing is obtained by 
observing the color changes which occur during the polish 
process. For example, when polishing a blanket W wafer 
we observe that the initial yellow color of the ferricyanide 
species is replaced, while the W is being consumed, by a 
much more colorless, opaque, solution. Following com- 
plete removal of the W, the yellow color seen initially reap- 
pears. We inter pret these color changes to mean that while 
W is being actively dissolved (reaction [i]) or consumed to 
form n new paBsivatinR layer (reaction [2]), the colored 
Fe<rU) specie* rapidly reacts to form the colorless FeOX) re- 
duction product. Once all the W is removed in the polish 
process, the concentration of the F&Qll) species again in- 
creases and the original color returns. In this interpreta- 
tion, the ferricyanide is responsible for the oxidation of the 
W> while the hydrogen phosphate huffer-erthylenediarnxne 
base combination acta, at the W-solution interface, to con- 
trol the local pH. Thus once the passivating ftlm Lb dis- 
rupted by a mechanical event* at a given dynamic concen- 
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txation of ferricyanide oxidant, the competition between 
the etching and passivation reactions is determined by the 
interfaelal concentration of buffer and weak base. High 
quality, patterned surfaces of W can only be achieved 
when there is the appropriate dynamic balance between 
the W etch and passivation effects. 

Conclusions 

A cbemical-mechariical pouch process for the removal 
and planarization of W films is described. The process In- 
volves polishing with a mixture of terricyanlde-phcBphate 
in the presence of free abrasive particles. Mechanical ac- 
tion to continually remove a passivating film, and chemi- 
cal action to dissolve W and reform the passivating film ap- 
pear to be requirements for process feasibility, Global 
planarity using the polish process is achieved, a result not 
obtainable using isotropic wet chemical etch processes. 
Static wet etch rates determined on blanket films and pro- 
cess chemistry pH appear to be useful ways of predicting 
chemical-mechanical polishing activity. However, pol- 
ishing of patterned wafers has shown chemistry-depen* 
dent surface defects in recessed areas, a problem over- 
come with the addition of ethylenediamlne, which could 
not be detected on blanket wafers alone. 
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ABSTRACT 

The Tnicrostructure and electrical properties of polyailicon films deposited by low-pressure chemical vapor deposition 
on sibcgn dioxide have been investigated as a function of deposition condition and Afl doping concentration. The deposi- 
tion temperature wa$ varied from 560*0 to 625°C, and the As doping concentration from 1 x 10< 7 to S x 10*Vcnr\ The poly- 
Aihcon films deposited at 625°C and annealed at B00°C have an average grain size of 200-300 A and a rouRh surface with col- 
umnar grain structure, while the films deposited at 5eO"C followed by the 900°C anneal have 1000 A grains and smooth 
surfaces, For the same As doping concentration, the conductivity and Hall mobility of the polysilicon deposited at 560*0 
are Jarger than those of the poIyaUieon deposited at 625*C, due mainly to less grain boundary trapping. The grain boundary 
potential barrier decreases from 0.063 eV in films with As doping concentration of 5 x 10 ,B /cm a to 0.001 e vin films doped 
to 2.3xl (F/cm*. The trap density of the grain boundary, however, is almost independent of the deposition conditions and 
the values are determined to be 3.6-5 x 10"ycm 2 . 



Folycrystalune silicon (polysilicon) is widely used in 
very Jarpe scale integrated semiconductor technology. 
Heavily eloped polysiUcon is used as gate electrode and in- 
terconnection, while lightly doped polysilicon is UBed for 
resistors In static memory devices. Polysilicon with large 
grains is suited for the fabrication of low-cost solar cells. 
The electrica). resistivity of polyailicon is, in general, larger 
then that of single-crystal silicon due to the existence of 
grain boundaries- It is reported (1,2) thai the dopant segre- 
gation at grain boundaries can affect the resistivity of poly- 
sUicon (dopant-segregation model), On the other hand, the 
Hall mobility minimum often observed in polysiUcon with 
an intermediate doping level can hardly be explained by 
the Kegregation model only. The presence of a minimum in 
the mobiJity vg. doping concentration diagram was ex- 
plained in terms of carrier trapping at grain boundaries 
(grain boundary trapping model) (8, 4). ft has been re- 
ported that the microstructure of polyailicon films de- 
pendA on the deposition and annealing temperatures (5), 
dopant concentration (6), and film thickness (7). 

Recently, the surface smoothness of polysilicon films be- 
came another important factor, because polysilicon with a 
smooth surface can better serve as a substrate for the dep- 
osition of uitrathin layers of silicon dioxide or nitride in 
the fabrication of capacitors in uJtralarge scale integrated 
devices cmd poly crystalline thin film transistors, There- 
fore, there is an interest in investigating the effects of dep- 
osition conditions and dopant concentration on the micro- 
slructuxe and electrical properties of low-pressure 
chemical vapor-depoAited CLPCVD) polysilicon and in de- 
veloping polysilicon films with smooth surfaces and vari- 
ous conductivities. In this paper, we report the results of 
an investigation of effects of deposition temperature and 
As rfopant level on microstructure, carrier concentration* 
and Hall mobility in polysilicon films deposited on silicon 
dioxide grown on (100) silicon wafer. 

Experimental 

The cquipmeTit used to prepare polysilicon films in the 
present investigation was the same as that used for the 
production of mega-bit dynamic random access memory. 
Silicon dioxide layers of 1000 A were formed by thermal 



oxidation at 600*C using a H^Q 3 atmosphere on p-type, 
6-9 fl * em, (100) wafers. PolysiUcon films with a thickness 
of 0.26 inn were deposited on the oxide layers by LPCVD 
with a SiH, flow rate of ISO seem. Two sets of films were 
prepared at two different deposition temperatures, S60"C 
and 625°C. Both Bets of films were doped with As im- 
planted in a dose range from 2.5 x 10 la to lx l0 ,B /cm a . 
Then, an oxide layer of 3000 A waa deposited on the As- 
doped polysilicon films by CVD at 430*0 to prevent the 
ou^diffusion of the As dopant during subsequent anneal- 
ing. The top oxide films were etched using a photomask to 
define the contact for van der Pauw patterns. For Rood 
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Fig. 1 . Pracesi flow chart for sample pineparafloft. 
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